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ECHANICAL LITHOTRIPSY is an endoscopic technique used to crush common bile duct stones too large to be removed with conventional methods. To determine the efficacy and limitations of endoscopic mechanical lithotripsy, we reviewed the medical records of all patients who underwent endoscopic retrograde cholangiopancreatography for choledocholithiasis in the first 3 years after endoscopic mechanical lithotripsy was introduced at our institution.
BACKGROUND
Cholecystectomy is one of the most common operations performed by general surgeons: 500,000 to 700,000 cholecystectomies are performed yearly in the United States. 1 Simple cholecystectomy is relatively safe, with an overall mortality of less than 1%. 2 However, for the 15% to 22% of patients who undergo common bile duct exploration at the time of cholecystectomy, operative mortality may be three to four times higher. [1] [2] [3] [4] [5] After remote cholecystectomy, patients frequently present with symptomatic retained common bile duct stones. In these patients, endoscopic stone removal following sphincterotomy is a safe and effective alternative to surgical exploration of the common bile duct. Sphincterotomy is successful in up to 96% of patients, and the overall ability to clear the common bile duct of stones approaches 90%. 6, 7 Although stones larger than 2.0 cm in diameter may occasionally be removed using standard techniques, endoscopic stone extraction becomes increasingly difficult as common bile duct stones exceed 15 mm in diameter. 7 When conventional techniques fail, mechanical lithotripsy may be an effective alternative. mmEmmsmn VAN 
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METHODS
The medical records of all patients who underwent endoscopic retrograde cholangiopancreatography for choledocholithiasis from May 1987 to August 1990 were reviewed. Five staff gastroenterologists, each an expert endoscopist, performed all endoscopic procedures.
Conventional methods used to retrieve common bile duct stones consisted of endoscopic sphincterotomy followed by stone extraction using a Dormia basket, a retrieval balloon, or a combination of basket and balloon. The stone retrieval technique used in each case was at the discretion of the endoscopist.
Endoscopic mechanical lithotripsy was used when conventional methods failed to clear the common bile duct due to stone size, impaction, or situation proximal to a biliary or ampullary stricture. Before acquiring experience with the technique, four of the staff gastroenterologists performing endoscopic stone extraction had immediate access to the endoscopist who was expert in endoscopic mechanical lithotripsy. Therefore, all patients with indications for mechanical lithotripsy had similar access to the procedure.
The technique
In brief, endoscopic mechanical lithotripsy ( Figure  I ) is performed after a standard retrograde cholangiogram and endoscopic sphincterotomy. The common A steel spiral sheath is advanced along the basket wire to the stone (C). Mechanical force is then applied to the mechanical lithotripsy handle and delivered to the stone, fragmenting it (stone fragmentation is observed fluoroscopically). bile duct stone is captured under fluoroscopic control in a four-or six-wire lithotripsy basket. The basket handle is then removed from the basket wire with wire cutters.
The endoscope is removed, and a steel spiral sheath (3.3 mm x 80 cm) is advanced under fluoroscopic guidance along the basket wire until it reaches the basketed stone. The basket wire and the proximal end of the spiral sheath are attached to the mechanical lithotriptor handle ( Figure 2 ). The stone is crushed by forcing the basket with its captured stone against the leading edge of the steel sheath. This is accomplished by turning a lever on the mechanical lithotriptor handle; the fragmentation is observed fluoroscopically. The duodenoscope is then repositioned, and the stone fragments are removed using standard techniques. Clearance of stones from the common bile duct is confirmed by retrograde cholangiography.
RESULTS
Of the 145 patients reviewed, 137 (94-5%) were endoscopically cleared of symptomatic biliary calculi. The conventional techniques used to clear the common bile duct were as follows: Dormia basket (18 patients, or 12.4%), retrieval balloon (29 patients, or 20.0%), and both the Dormia basket and retrieval balloon (89 patients, or 61.4%). Both methods were used when the endoscopist was unable to clear the common bile duct using either method alone. In 1 patient (0.7%), the common bile duct cleared spontaneously.
Mechanical lithotripsy was attempted in 14 patients when both conventional methods failed to clear the common bile duct. The general state of health and indications for stone extraction in these patients did not differ from those of patients in whom stones were removed using conventional methods. Stone fragmentation was achieved in 12 of these 14 patients (85.7%), and 1 required a second procedure on the day after an initially unsuccessful attempt. Overall, endoscopic mechanical lithotripsy improved the success rate of common bile duct clearance in these 145 patients by approximately 8% (from 86.2% to 94.5%).
Eight patients were referred for operative treatment after unsuccessful endoscopic procedures (Table) . Mechanical lithotripsy failed in two patients in spite of repeated endoscopic retrograde cholangiopancreatography with attempted mechanical lithotripsy on successive days. Failure of both mechanical lithotripsy and conventional methods in these two patients was attributed to the inability to entrap the stone within the mechanical lithotripsy basket. No morbidity or mortality was associated with mechanical lithotripsy regardless of whether stone removal was achieved.
DISCUSSION
Indications and risks
Retained symptomatic common bile duct stones following cholecystectomy are the primary indication for endoscopic sphincterotomy and stone extraction. Surgical cholecystectomy carries a less than 1% risk of mortality, which may increase threefold to fourfold for patients also undergoing a common bile duct exploration. [1] [2] [3] [4] [5] 8 Surgical exploration of the common bile duct carries a significantly increased risk in elderly or debilitated patients and requires a prolonged postoperative hospital recovery when compared with younger patients. 9 Although sphincterotomy is associated with an increased risk of bleeding and perforation when compared with diagnostic endoscopic retrograde cholangiopancreatography, 10 " the mortality rate for endoscopic sphincterotomy and stone extraction is approximately 1.5%, and the procedure entails a shorter hospitalization than does surgical common bile duct exploration. 12, 13 Stones smaller than 1 cm in diameter may pass spontaneously through a sphincterotomy; however, stones larger than 1.5 cm pose a problem for endoscopic retrieval. 10, 14 From 5% to 10% of common bile duct stones must be fragmented before endoscopic extraction. 11, 15, 16 Indications for mechanical lithotripsy include largediameter stones (including those disproportionately large in relation to the caliber of the distal common bile duct), impacted stones, or stones situated proximal to a biliary or ampullary stricture. 1 ' Sphincterotomy is usually required prior to mechanical lithotripsy and stone extraction; however, mechanical lithotripsy through the intact papilla has been reported. 18 
Devices
Mechanical lithotriptors are available in a number of models, all of which operate in essentially the same manner. Specially reinforced, "double strength" baskets have been designed with sufficient tensile strength to render them capable of crushing even extremely hard stones. 20 The reusable steel-reinforced sheath used in the present study is too large to pass through the working channel of the therapeutic duodenoscope (4-2-mm diameter), and therefore requires sacrifice of the basket handle and removal of the endoscope prior to stone fragmentation. Removing the basket handle renders the device unsuitable for reuse; at our institution, the patient is charged an additional $85 for each wire basket sacrificed during mechanical lithotripsy. Alternative models of mechanical lithotriptors are designed to pass through the working channel of the duodenoscope, permitting the scope to remain positioned for fragment retrieval and confirmatory cholangiogram. 21 Some permit contrast to be administered and endoscopic sphincterotomy to be performed with the lithotriptor in place, 18 thus avoiding the need for repeated intubation of the papilla of Vater.
Inability to capture stones
Failure of mechanical lithotripsy usually results from inability to capture the stone in the lithotripsy basj^gj. 14, 17, 22, 23 jn ^^ study of 24 patients with large common bile duct stones (diameter >20 mm), Matsumoto et al attributed a 20% failure rate (5 of 24 patients) to the fact that large stones and multiple impacted stones left little space for basket manipulation to ensnare the stones within the bile duct. 22 Others have also reported a 20% failure rate with mechanical lithotripsy 11, 24, 25 and recommend using ultrasound to reduce the size of the stone before attempting mechanical stone fragmentation. 24 It may not be necessary for the entire stone to be captured within the basket: lithotripsy following repeated partial stone capture and fragmentation has been reported. 11, 17 Also, achieving fragmentation may require a second or third attempt. 23 In the present study, mechanical lithotripsy in one patient was achieved in a second procedure on the day after an initial unsuccessful attempt.
Alternative methods
Alternative methods for fragmenting common bile duct stones to facilitate endoscopic removal have been employed with varying degrees of success. Extracorporeal shock-wave lithotripsy, once limited to gallblad- der stones, is now being successfully applied to complicated bile duct stones. 26, 27 Electrohydraulic lithotripsy (using high-pressure shock waves generated by a highvoltage discharge), has been used in conjunction with endoscopic techniques to fragment biliary calculi. 28 Pulsed-dye laser lithotripsy is a promising new adjunct for the endoscopic removal of biliary calculi too large for conventional lithotripsy techniques. It is extremely effective in patients in whom standard basket extraction and mechanical lithotripsy have been unsuccessful. 29 The laser's energy is absorbed by the stone's surface, ionizing a small portion of the stone material. The resulting microscopic cloud of rapidly expanding electrons (called a "plasma") produces mechanical stress waves that fragment the stone.
CONCLUSION
Endoscopic mechanical lithotripsy is considered a reliable and safe technique for the intraductal fragmentation of large or impacted biliary calculi. 11, 17, 18, 2 ' In this series of 145 patients, endoscopic mechanical lithotripsy improved the success rate for clearing the common bile duct of symptomatic stones by approximately 8%. No mortality or morbidity was associated with the procedure. Based on our experience and a review of the literature, we recommend mechanical lithotripsy for patients in whom common bile duct stones cannot be removed with conventional techniques.
